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MAKING TIME OF ARRIVAL 
MEASUREMENTS 

This application is a continuation-in-part of copending 
US. Ser. No. 09/123,201 ?led on Jul. 27, 1998. This 
application discloses subject matter related to subject matter 
disclosed in copending US. Ser. No. 09/131,150 ?led on 
Aug. 7, 1998, Which is hereby incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The invention relates generally to locating the position of 
a mobile communication unit in a Wireless communication 
netWork and, more particularly, to uplink time of arrival 
measurements. 

BACKGROUND OF THE INVENTION 

The ability to locate the position of a mobile communi 
cation unit operating in a Wireless communication system 
provides many Well knoWn advantages. Exemplary uses of 
such position locating capability include security 
applications, emergency response applications, and travel 
guidance applications. Among several possible techniques 
for providing position locating capability, uplink time of 
arrival (TOA) techniques are attractive because they nor 
mally do not require any changes to the mobile communi 
cation units. 

One example of an uplink time of arrival approach Will 
noW be described With respect to the Global System for 
Mobile Communication (GSM), Which is exemplary of a 
Wireless communication system in Which uplink time of 
arrival techniques are applicable. When an external appli 
cation (or the GSM netWork itself) decides to locate the 
position of a mobile unit (also referred to as mobile station), 
a Mobile Location Center forces (via a base station 
controller) the mobile unit to perform a conventional intra 
cell handover, Whereupon the mobile unit transmits up to 70 
uplink access bursts, one burst per TDMA frame (i.e., one 
burst every 8 time slots). The mobile unit transmits the 
access bursts in an attempt to comply With the intracell 
handover command. 

The Mobile Location Center (MLC) orders a number of 
TOA Measurement Units (TMUs) to capture the access 
bursts and measure the time of arrival of each burst at each 
TMU. The TMUs then provide the MLC With their time of 
arrival measurements and reliability estimates for these 
measurements. In order to compute the position of the 
mobile station, the MLC uses the time of arrival values and 
corresponding reliability parameters, the geographic loca 
tion coordinates of the TMUs, and information regarding 
time differences among the respective internal time bases of 
the TMUs. For example, each TMU can be provided With an 
absolute time reference (e.g., a Global Positioning System 
(GPS) clock), in Which case the TMUs are all synchroniZed 
together, so that relative time differences among the TMUs 
are not a factor in the MLC’s calculation of the position of 
the mobile station. 

HoWever, if the TMUs do not include an absolute time 
reference, then the relative differences among their respec 
tive local time references can be determined, for example, 
by having each TMU measure the time of arrival of an 
uplink burst from a stationary reference mobile station 
positioned at a knoWn location in the netWork. The time of 
arrival information for the reference mobile station is then 
transmitted from the TMUs to the MLC. The MLC can use 
these time of arrival measurements to compute the relative 
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2 
differences in the timing references of the respective TMUs, 
also referred to as inter-TMU time differences (ITTDs). 
More speci?cally, because the MLC knoWs the location of 

the reference mobile station and also knoWs the locations of 
the TMUs, the MLC can easily calculate the expected 
difference (in absolute time) betWeen the time of arrival of 
the burst at a ?rst TMU and the time of arrival of the burst 
at a second TMU. Then, When the MLC receives the time of 
arrival information as actually observed at the ?rst and 
second TMUs, it can compare the difference betWeen 
observed arrival times to the expected difference as previ 
ously calculated. By this comparison, the actual time dif 
ference betWeen the local time references of the ?rst and 
second TMUs (the ITTD of the ?rst and second TMUs) can 
be readily determined. Time of arrival measurements on the 
reference mobile station can be made periodically by the 
TMUs, and provided to the MLC for use in determining the 
ITTDs, so that MLC can maintain an updated record of the 
ITTDs. 

In addition to the technique described above, other con 
ventional techniques are also available for determining the 
ITTDs. 

Because the MLC knoWs the ITTDs (or alternatively 
knoWs that the TMUs are all synchroniZed by a GPS 
system), it can calculate an estimate of the position of a 
given mobile station from the time of arrival information 
provided by the TMUs, using conventional Time Difference 
of Arrival (TDOA) techniques. 
One problem With the above-described uplink time of 

arrival techniques is that the TMUs do not knoW When they 
should expect, or begin to monitor for, the access bursts 
from the mobile station. This has the folloWing disadvan 
tages. The sensitivity of conventional time of arrival mea 
surement algorithms decreases as the uncertainty in the a 
priori knoWledge of the arrival time increases. This is due to 
the fact that more noise and interference is received if the 
receiver does not knoW When the “meaningful” data is 
coming. Also, the TMU must monitor for a long time in 
order to be sure that it captures the desired bursts. Thus, the 
utiliZation efficiency of the TMU hardWare is disadvanta 
geously degraded. 

Furthermore, in a frequency hopping system such as 
GSM, the access bursts are transmitted on a frequency 
hopped channel. In this situation, not only does the TMU not 
knoW When to begin monitoring for the access bursts, but it 
also does not knoW Which frequency it should monitor. Thus, 
not only is an undesirably long monitoring time possible, but 
the TMU Would also be required to include a receiver for 
each frequency in the hop sequence so that all possible 
frequencies could be monitored. 

It is therefore desirable to provide time of arrival mea 
suring devices With information indicative of When the 
access bursts can be expected to arrive, and Which frequency 
Will be used to transmit the access bursts. According to the 
present invention, such information is provided to time of 
arrival measuring devices, thereby avoiding the aforemen 
tioned problems associated With conventional time of arrival 
techniques. 

Also, for positioning purposes, time of arrival measure 
ments are sometimes performed on radio links having a 
signal-to-noise and interference ratio (SNIR) far beloW Zero. 
Especially indoors and in rural environments, sensitivity can 
become a problem. Also, the TMUs that Will perform the 
time of arrival measurements must be selected before the 
actual measurements are performed, When no information 
on SNIR is available. Thus, it is unavoidable that the radio 
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links between at least some of the selected TMUs and the 
selected mobile unit Will have a very poor SNR. Prediction 
simulators indicate that every dB that can be Won in the 
measurement is valuable. This is especially true With respect 
to TMUs implemented Without antenna diversity, in Which 
case several dB are lost. This of course degrades the system 
performance signi?cantly. 

It is therefore desirable to provide the TMUs With 
enhanced sensitivity to the signaling from the mobile unit. 
This is achieved according to the present invention by 
providing the TMUs With information from Which the TMUs 
can determine in advance certain encrypted bits in the uplink 
access burst that Will be transmitted by the mobile unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an exemplary Wireless 
communication system including uplink time of arrival 
capability according to the present invention. 

FIG. 2 illustrates an example of the mobile location center 
of FIG. 1 in greater detail. 

FIG. 3 illustrates an example of the TOA measurement 
units of FIG. 1 in greater detail. 

FIG. 4 is a How diagram Which illustrates example 
operations of the structure of FIGS. 1—3 to implement uplink 
time of arrival techniques according to the present invention. 

FIG. 5 illustrates hoW an example monitoring WindoW is 
determined according to the invention. 

FIG. 6 illustrates another example of the mobile location 
center of FIG. 1. 

FIG. 7 illustrates another example of the TOA measure 
ment units of FIG. 1. 

FIG. 8 is a How diagram Which illustrates example 
operations of the structure of FIGS. 1, 6 and 7 to implement 
uplink time of arrival techniques according to the present 
invention. 

FIG. 9 illustrates sensitivity enhancement achieved by the 
invention in the TMUs of FIG. 1. 

DETAILED DESCRIPTION 

FIG. 1 illustrates one example of a pertinent portion of a 
Wireless communication system including the uplink time of 
arrival capability according to the present invention. The 
invention is implemented in a GSM netWork in the example 
of FIG. 1. As shoWn in FIG. 1, a GSM mobile sWitching 
center MSC is coupled for communication With a plurality 
of GSM base station controllers BSCs, Which are in turn 
coupled to communicate With one or more GSM base 
transceiver stations BTSs. The base transceiver stations are 
capable of radio communication With a plurality of mobile 
stations MSs via the air interface. Communication from the 
MSC to the MSs via the BSCs and the BTSs is Well knoWn 
in the art. 

FIG. 1 also includes time of arrival measurement units 
TMUs Which communicate With respective base transceiver 
stations via radio signaling through the air interface. A 
mobile location center MLC is coupled to communicate With 
the mobile sWitching center MSC using conventional GSM 
signaling protocol. In FIG. 1, the MLC can receive a request 
to locate the position of a mobile station MS1. Such a 
request can be received from a node Within the netWork 
itself, or from an external location application as illustrated 
at 11 in FIG. 1. In response to this request, the MLC 
interrogates the MSC to thereby determine the serving BTS 
15 (i.e., the serving GSM cell) and to receive from the 
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4 
serving BSC 13 (via MSC) all available physical channel 
parameters associated With the serving cell, including all 
frequency hopping parameters. The MLC decides Which 
TMUs should be involved in the uplink time of arrival 
measurements, and initiates a conventional intracell han 
dover command (via MSC and BSC 13), Which intracell 
handover command is then to be transmitted to the mobile 
station MS1 by BTS 15. 
The intracell handover command in GSM includes start 

ing frame and time slot information Which directs the mobile 
station to begin the conventional access burst (responsive to 
the intracell handover command) at a speci?ed TDMA time 
slot in a speci?ed TDMA frame. When initiating the intracell 
handover command via communication With BSC 13, the 
MLC either speci?es to BSC 13 the frame number and time 
slot number, or receives from BSC 13 the frame number and 
time slot number that have been speci?ed by BSC 13. 

Communications betWeen the MLC and the TMUs can 
occur, for example, via cable connections betWeen the MLC 
and the TMUs (see, e. g., 12 in FIG. 1), or via the air interface 
betWeen the TMUs and BTSs (see, e.g., 14 in FIG. 1) and the 
netWork communication path from ETS through BSC and 
MSC to MLC. 

The TMUs periodically monitor the broadcast control 
channels of the respective base transceiver stations With 
Which they communicate. Each TMU provides the MLC 
With the frame structure timing of its associated BTS relative 
to the TMU’s oWn local time. reference. This frame structure 
timing information can be transmitted from the TMUs to the 
MLC via, for example, conventional Short Message Service 
utiliZing the air interface betWeen the TMU and the MLC. 
This frame structure timing information can be updated 
periodically by the TMUs and sent to MLC periodically. 
Thus, When the MLC initiates the intracell handover 
command, Which speci?es the frame number and time slot 
number for the access burst from the mobile station, the 
MLC also knoWs the frame structure timing currently used 
by the mobile station MS1 in communication With its 
serving base transceiver station 15. 

Moreover, the MLC also knoWs any inter-TMU timing 
differences (ITTDs) among the TMUs selected to make the 
uplink time of arrival measurements on the mobile station 
MS1. As described above in detail, the TMUs can all include 
a conventional absolute time reference, or the MLC can 
calculate the inter-TMU time differences among the TMUs 
using uplink time of arrival measurements made by the 
TMUs on a stationary reference mobile station located in a 
knoWn position. The MLC can therefore determine the 
frame structure timing according to the local time reference 
of any TMU by simply translating the frame structure timing 
measurement from the local timing of the TMU that made 
the frame structure timing measurement (TMU 17 in the 
example of FIG. 1) to the local timing of any of the TMUs 
selected to make TOA measurements on MS1. Thus, When 
the MLC requests an intracell handover command specify 
ing a frame number and time slot number of the access burst, 
the MLC can also communicate to the selected TMUs the 
frame number, the time slot number and the frame structure 
timing of the serving BTS (and thus the mobile station also) 
relative to the local timing of each respective TMU. NoW, 
each TMU Will knoW, relative to its oWn local timing 
reference, precisely When the mobile station Will begin 
transmitting the ?rst access burst. 

In addition, the mobile location center can request from 
the base station controller 13 the conventional hopping 
sequence parameters associated With the serving base trans 
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ceiver station 15. These parameters can also be transmitted 
from MLC to the TMUs along With the frame number, time 
slot number and frame structure timing. With knowledge of 
the conventional hopping sequence parameters and the 
frame and time slot numbers, the TMUs can then calculate 
the hopping sequence in conventional fashion. Thus, the 
TMUs Will all knoW When (frame and time slot numbers), 
and on Which frequency, to begin monitoring for the arrival 
of the access burst from the mobile station. 

The MLC may also compute a monitor WindoW beginning 
at the starting time as speci?ed by the frame number and 
time slot number in the intracell handover command, and 
extending for a time period determined as shoWn in the 
example of FIG. 5. FIG. 5 illustrates one example of hoW 
monitoring WindoWs can be established for the TMUs of 
FIG. 1. The example of FIG. 5 illustrates determination of a 
monitoring WindoW for a TMU 57 that is substantially 
cosited With a base transceiver station designated as BTS2. 
The TMU illustrated in FIG. 5 Will make time of arrival 
measurements on bursts received from a mobile station 
currently being served by the base transceiver station des 
ignated as BTS1. In this situation, the longest transmission 
time before the burst arrives at the TMU Will occur When the 
mobile station is located at 51, namely on the boundary of 
serving cell 53 opposite the TMU 57. If T0 designates the 
starting time of the access burst (as de?ned by the frame 
number and time slot number received by the mobile station 
in the intracell handover command), then the access burst 
from the mobile station Will actually arrive at BTS1 at the 
starting time T0 due to the fact that the mobile station is 
synchroniZed to the serving BTS1. This operation is con 
ventional in, for example, GSM systems. 
Due to the aforementioned synchroniZation, the access 

burst Will have already arrived at BTS1 at time T0, so the 
total transmission time to the TMU Will be T0+d12/c, Where 
d12 is the distance betWeen BTS1 and the TMU 57, and c is 
the speed of light. On the other hand, the shortest transmis 
sion time betWeen the mobile station and the TMU Will 
occur When the mobile station is located at 52, namely on the 
cell boundary of cell 53 nearest to the TMU. With the mobile 
station located at 52, the access burst Will have reached point 
A at time T0, so that the total transmission time to the TMU 
Will be given by T0+(d12—2r)/c, Where r is the radius of the 
serving cell 53. Thus, the monitoring WindoW for the TMU 
57 of FIG. 5 Would begin at time T0+(d12—2r)/c, and Would 
extend until time T0+d12/c. This monitoring WindoW is 
easily calculated by the MLC Which has stored therein or 
available thereto the cell radius information of all cells 
covered by the MLC, and either the distances betWeen all 
base transceiver stations (in the case of TMUs cosited With 
the base transceiver stations) or the geographic coordinates 
of all base transceiver stations and all TMUs (to accommo 
date architectures Wherein the TMUs are not necessarily 
cosited With base transceiver stations). 

Rather than using the cell radius r to calculate the search 
WindoW, the MLC could alternatively use the current Timing 
Advance (TA) value, Which is conventionally available from 
the serving BTS. The TA value gives a rough estimate of the 
distance betWeen the mobile station and the serving BTS. 
Because the TAvalue Will correspond to a distance less than 
or equal to the cell radius r, use of the TA value can often 
reduce the search WindoW by locating the beginning point of 
the WindoW later in time than it Would be if the cell radius 
r Were used. 

FIG. 2 illustrates one example of the mobile location 
center MLC of FIG. 1 in greater detail. In the example of 
FIG. 2, the MLC includes a position locator 21 which 
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6 
receives the location requests from the location application 
or netWork mode at 11 in FIG. 1. The position locator is 
coupled to a geographic storage portion 24 for storing 
therein, for example, the geographic coordinates of the 
TMUs, the geographic coordinates of the base transceiver 
stations, and the cell radius of each cell covered by the MLC 
(or current TA value of any mobile station that is being 
located). The position locator includes an input 23 Where 
time of arrival information (and associated reliability 
estimate) from the TMUs is received. The position locator 
21 implements Well-known time difference of arrival tech 
niques in response to the time of arrival information. 

For example, position locator 21 can operate to solve the 
equation OTD=GTD+ITTD Where OTD is the observed 
time difference (difference betWeen TMU-measured times of 
arrival), GTD is geographic time difference (difference 
betWeen times of arrival in absolute time). Thus, the 
observed time differences differ from the geographic time 
differences due to ITTD as described above. When MLC is 
locating a mobile station, OTD and ITTD are knoWn, so the 
equation is solved for GTD, and When MLC is determining 
the ITTDs using a stationary reference mobile, OTD and 
GTD are knoWn, so ITTD can be calculated. When the 
position of the mobile station has been located by the 
position locator, the position locator outputs the position 
location information to the requesting node (netWork or 
external) from Which the original location request Was 
received. Position locator 21 can determine the ITTDs from 
time of arrival measurements made by TMUs on a stationary 
reference mobile station. The ITTDs are stored in storage 
portion 29. 

The position locator also outputs an intracell handover 
request (HO) to BSC, in Which the position locator can 
specify the desired starting frame and time slot numbers. 
The MLC further includes a WindoW determiner 25 Which 

determines the monitoring WindoW for each TMU, for 
example, in the manner described above With respect to FIG. 
5. The WindoW determiner has an input 27 for receiving the 
starting time (frame number FN and time slot number TSN) 
from the BSC 13 (via MSC). WindoW determiner 25 is also 
coupled to geographic storage portion 24 to permit access to 
geographic location information needed to compute the 
monitoring WindoWs. A timing translator 26 receives frame 
structure timing information for each BTS from the associ 
ated TMU assigned to measure that BTS, and uses the 
ITTDs stored at 29 to translate the frame structure timing 
information into the timing reference of every other TMU. 
Frame structure timing information for every BTS relative to 
every TMU’s local timing reference is stored in storage 
portion 20. 

The MLC includes a further input for receiving the 
hopping sequence information from the BSC 13 (via MSC). 
The MLC provides as output a positioning measurement 
command to the selected TMUs (via MSC, BSC and BTS), 
the command including (1) monitoring WindoW information 
and the frame number FN and time slot number TSN from 
WindoW determiner 25, (2) hopping sequence information as 
received at MLC from BSC, and (3) localiZed frame struc 
ture timing from storage portion 20. 

FIG. 3 illustrates an example embodiment of the TMUs of 
FIG. 1. The TMU of FIG. 3 includes a frame structure 
monitor 31 including an input 32 for monitoring the broad 
cast control channel (or other channel suitable for determin 
ing frame structure timing) of the associated base transceiver 
station of FIG. 1, and an output 34 for providing the frame 
structure timing information to the MLC (via BTS, BSC and 



US 6,470,185 B2 
7 

MSC) . The frame structure monitor receives its timing from 
the TMU’s local clock 33. As discussed above, the frame 
structure monitor receives the broadcast control channel of 
the associated BTS and determines the frame structure 
timing of the BTS relative to the TMU’s local clock. This 
frame structure timing information is then transmitted to the 
MLC at 34. 

The TMU of FIG. 3 further includes a time of arrival 
monitor 35 Which includes an input 30 for receiving the 
access bursts from a mobile station, and a further input 36 
for receiving the positioning measurement command infor 
mation provided by MLC as described above. The time of 
arrival monitor also includes an output 37 for providing time 
of arrival information (and associated reliability estimates) 
to the MLC. The time of arrival monitor 35 can monitor the 
input 30 for access bursts during the WindoW as de?ned by 
the received WindoW information. The WindoW information 
and starting frame and time slot numbers (FN and TSN) are 
interpreted by the TOA monitor 35 in conjunction With the 
localiZed frame structure timing information, so the moni 
toring WindoW is properly adjusted to the local clock timing 
of the TMU. 

The time of arrival monitor also uses the hopping 
sequence information, in conjunction With the starting frame 
and time slot numbers to compute the hopping sequence 
used by the mobile station and its serving base transceiver 
station. Such computation of a frequency hopping sequence 
is a Well knoWn conventional procedure. Thus, the TMU Will 
advantageously monitor the access bursts on the correct 
frequency and during a limited WindoW of time Which 
includes the arrival time of the access bursts. The WindoW is 
of course easily re-used to measure subsequent access bursts 
in the (potentially) 70 burst sequence. Even Without receiv 
ing the WindoW information, the monitor Would still knoW 
the burst starting time from FN, TSN and the localiZed frame 
structure timing, and thus could alternatively monitor for a 
predetermined default WindoW time beginning at the knoWn 
starting time. 

FIG. 4 illustrates eXemplary operations of the Wireless 
communication system portion of FIG. 1, including the 
uplink time of arrival techniques of the present invention. At 
61, the MLC receives a request to locate the position of a 
particular mobile station. At 62, the MLC determines the 
serving cell, obtains transmission parameters of the mobile 
station (including hopping sequence parameters), and selects 
Which TMUs should be involved in the time of arrival 
measurement. At 63, the starting frame number and time slot 
number for the ?rst access burst is speci?ed, either by MLC 
or from BSC. At 64, the MLC computes the monitoring 
WindoW for each selected TMU. At 65, the MLC sends the 
monitoring WindoWs and hopping sequence information to 
the selected TMUs along With the starting frame and time 
slot numbers and the localiZed frame structure timing infor 
mation. At 66, the selected TMUs compute the hopping 
sequence. At 67, the intracell handover commend is sent to 
the mobile station, and the mobile station transmits the 
access burst in response thereto. At 68, the TMUs record the 
time of arrival of the access burst Within their respective 
monitoring WindoWs. At 69, the TMUs send the time of 
arrival information to the MLC. At 70, the MLC computes 
the position of the mobile station and relays the position 
information to the requesting node. 
As mentioned above, the MLC receives from each TMU 

the frame structure timing of the associated BTS relative to 
the TMU’s oWn local time reference. This information, 
When combined With conventional doWnlink time of arrival 
measurements made on BTSs by a stationary reference 
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8 
mobile station, permits the MLC to calculate the ITTDs. If 
the reference mobile station makes time of arrival measure 
ments on tWo BTSs, for example, by monitoring the broad 
cast control channel of each BTS, then the MLC can receive 
this information (e.g., via BTS, BSC and MSC) and calcu 
late the timing difference betWeen the BTSs. Because the 
MLC also knoWs the timing of each BTS’s broadcast control 
channel frame structure relative to the associated TMU, the 
MLC can easily calculate the ITTD betWeen the tWo TMUs 
associated With the tWo BTSs measured by the reference 
mobile station. This technique for determining the ITTDs 
according to the present invention advantageously permits 
the reference mobile station simply to monitor eXisting 
doWnlink signals from the BTSs, rather than transmit uplink 
signals to be measured by the TMUs, thus requiring no 
additional traf?c in the netWork for performing ITTD deter 
minations. 
The intracell handover command in GSM conventionally 

includes a Handover Reference Number (HRN) associated 
With the particular handover. When initiating the intracell 
handover command via communication With BSC 13, the 
MLC can receive from BSC 13 the BSIC of the BTS that is 
the intended handover target and the Handover Reference 
Number that has been speci?ed for the handover by BSC 13. 
The MLC can then communicate to the selected TMUs the 
BSIC and the Handover Reference Number. 
The BSIC and the Handover Reference Number are used 

in GSM to produce 36 encrypted bits that are included along 
With a 41 bit training sequence in the conventional access 
bursts transmitted by the mobile station. Thus, When the 
TMUs are provided With the BSIC (6 bits) and the HRN (8 
bits), the TMUs can utiliZe a Well knoWn algorithm in the 
GSM standard to produce from the BSIC and HRN bits the 
36 encrypted bits of the access burst (see e.g., Draft prETS 
300 575 (GSM 05.03 version 4.5.0); July 1997, page 23). 
By knoWing all 77 information bits (36 encrypted bits 

plus 41 knoWn training bits) of the access burst in advance, 
rather than knoWing only the 41 bit training sequence as in 
the prior art, the sensitivity at the TMUs is directly 
enhanced, as shoWn by the simulation eXample of FIG. 9. In 
FIG. 9, the horiZontal aXis corresponds to SNIR and the 
vertical aXis corresponds to the standard deviation of the 
time of arrival estimate, OTOAE. Knowledge of the additional 
36 bits permits the TMUs to achieve, in a far noisier 
environment, the same accuracy as could be achieved using 
only the 41 training bits in a less noisy environment. This 
enhances the time of arrival measurements made by the 
TMUs, reduces the risk of measurement errors, and reduces 
the time required to make the necessary measurements. 

FIG. 6 is similar to FIG. 2 but shoWs an MLC receiving 
the BSIC and HRN from the BSC, and also shoWs the MLC 
transmitting the BSIC and HRN to the TMUs. 

FIG. 7 is similar to FIG. 3, but shoWs a TOA monitor 35A 
receiving the BSIC and HRN as inputs from MLC. 

FIG. 8 illustrates an eXample modi?cation of the opera 
tions of FIG. 4 to include the above-described use of the 
BSIC and HRN. In particular, blocks 63, 65 and 66 from 
FIG. 4 are shoWn modi?ed at 63A, 65A and 66A, 
respectively, to illustrate the use of the BSIC and HRN. 

In particular, at 63A, the BSC speci?es the BSIC and 
HRN in addition to the other information illustrated at 63 in 
FIG. 4. At 65A, the MLC sends the BSIC and HRN to the 
selected TMUs along With the additional information illus 
trated at 65 in FIG. 4. At 66A, the TMUs compute the 
encrypted bits of the access bursts in addition to computing 
the hopping sequence illustrated at 66 in FIG. 4. In the 
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example of FIG. 8, operations other than at 63A, 65A and 
66A in FIG. 8 can be the same as disclosed in FIG. 4. 

It should be understood that the above-described use of 
BSIC and HRN to compute encrypted bits can be imple 
mented together With or separately from the above-described 
use of monitor WindoWs, burst starting times and frequency 
hopping calculations. 

Although exemplary embodiments of the present inven 
tion have been described above in detail, this does not limit 
the scope of the invention, Which can be practiced in a 
variety of embodiments. 
What is claimed is: 
1. A method of using a time of arrival measurement 

apparatus to measure the time of arrival of a radio signal 
transmitted by a mobile communication station operating in 
a Wireless communication network, comprising the steps of: 

providing the time of arrival measurement apparatus With 
enhanced sensitivity to the radio signal transmitted by 
the mobile communication station, enhanced sensitiv 
ity is achieved by supplying the time of arrival mea 
surement apparatus With ?rst information, from Which 
the time of arrival measurement apparatus can deter 
mine in advance certain encrypted bits for improved 
monitoring of said transmitted radio signal; and 

using the time of arrival measurement apparatus to moni 
tor for arrival of the radio signal. 

2. The method of claim 1, further comprising the step of: 
utiliZing an algorithm in a Global System for Mobile 

Communication (GSM) standard to produce said cer 
tain encrypted bits from said ?rst information. 

3. The method of claim 1, Wherein said step of supplying 
the time of arrival measurement apparatus With said ?rst 
information comprises: 

supplying a Handover Reference Number. 
4. The method of claim 1, Wherein said step of supplying 

the time of arrival measurement apparatus With said ?rst 
information comprises: 

supplying a BSIC corresponding to an intended handover 
base transceiver station. 

5. The method of claim 4, Wherein said BSIC is received 
from a base station controller. 

6. The method of claim 1, Wherein said Wireless commu 
nication netWork is a GSM netWork. 

7. An apparatus for use in locating a mobile station in a 
Wireless communication netWork, comprising: 

a plurality of time of arrival monitors, each said time of 
arrival monitors for monitoring an air interface to 
determine When a radio signal transmitted by the 
mobile station has arrived at said time of arrival moni 
tor; 

each said time of arrival monitor including an input for 
receiving ?rst information Wherein said ?rst informa 
tion provides enhanced sensitivity to the transmitted 
radio signal, for said time of arrival monitor, said ?rst 
information comprises information indicative of certain 
encrypted bits of the transmitted radio signal; and 

each said time of arrival monitor including an output for 
providing second information indicative of a time of 
arrival of the radio signal at that time of arrival monitor. 

8. The apparatus of claim 7, Wherein an algorithm in a 
Global System for Mobile Communication (GSM) standard 
is used to produce said certain encrypted bits from said ?rst 
information. 

9. The apparatus of claim 7, Wherein said certain 
encrypted bits are combined With bits from conventional 
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access bursts of said transmitted radio signal, to achieve said 
enhanced sensitivity to said transmitted radio signal at said 
time of arrival monitor. 

10. The apparatus of claim 7, Wherein each of said time 
of arrival monitor includes an input for receiving third 
information indicative of frequency hopping parameters 
used by the mobile station. 

11. The apparatus of claim 7, Wherein said ?rst informa 
tion comprises: 

a Handover Reference Number. 
12. The apparatus of claim 7, Wherein said ?rst informa 

tion comprises: 
a BSIC corresponding to an intended handover base 

transceiver station. 
13. The apparatus of claim 7, Wherein the Wireless com 

munication netWork is a GSM netWork. 
14. The apparatus of claim 7, further comprising a plu 

rality of timing monitors respectively associated With said 
time of arrival monitors, each of said timing monitors 
coupled to the air interface for monitoring a radio channel 
used by the mobile station and determining therefrom a 
timing relationship betWeen communication timing used by 
the mobile station and the local time based of the associated 
time of arrival monitor, each of said timing monitors includ 
ing an output for outputting third information indicative of 
said timing relationship. 

15. An apparatus for use in locating a mobile station in a 
Wireless communication netWork, comprising: 

an input for receiving a request to locate the mobile 
station; 

a ?rst output for indicating that a radio signal is to be 
transmitted from the mobile station for use in locating 
the mobile station; and 

a second output providing to a plurality of time of arrival 
measurement devices ?rst information providing 
enhanced sensitivity to the radio signal transmitted by 
the mobile station, said ?rst information comprising 
information indicative of certain encrypted bits of the 
transmitted radio signal. 

16. The apparatus of claim 15, Wherein an algorithm in a 
Global System for Mobile Communication (GSM) standard 
is used to produce said certain encrypted bits from said ?rst 
information. 

17. The apparatus of claim 15, Wherein said certain 
encrypted bits are combined With bits from conventional 
access bursts of said transmitted radio signal, to achieve said 
enhanced sensitivity to said transmitted radio signal at said 
time of arrival monitor. 

18. A method of using a time of arrival (TOA) measure 
ment apparatus to measure the time of arrival of at least one 
radio signal transmitted by a mobile communication station 
operating in a Wireless mobile communication netWork, 
comprising: 

initiating a handover command for the mobile communi 
cation station, the handover command providing start 
ing time information for the mobile communication 
station to begin sending the at least one radio signal; 

determining a period of time during Which the TOA 
measurement apparatus is to monitor for arrival the at 
least one radio signal, the period of time being based 
upon the starting time information; and 

monitoring, by the TOA measurement apparatus, the 
arrival of the at least one radio signal only during the 
period of time. 

19. The method of claim 18, Wherein the starting time 
information speci?es a TDMA frame and a TDMA time slot 
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Within the TDMA frame during Which the mobile commu 
nication station is to begin sending the at least one radio 
signal. 

20. The method of claim 18, Wherein: 
the period of time is expressed in a time base of a base 

transceiver station (BTS) associated With the TOA 
measurement apparatus. 

21. The method of claim 18, Wherein: 
the period of time is expressed in a time base of the TOA 

measurement apparatus. 
22. The method of claim 18, Wherein the step of deter 

mining comprises: 
determining the period of time based upon an estimate of 

a location of the mobile communication station. 
23. The method of claim 18, Wherein the step of deter 

mining the period of time comprises: 
determining a beginning of the period of time based upon 

an estimate of a location of the mobile communication 
station relative to the TOA measurement apparatus. 

24. The method of claim 18, Wherein the step of deter 
mining the period of time comprises: 

determining an ending of the period of time based upon an 
estimate of a location of the mobile communication 
station relative to the TOA measurement apparatus. 

25. The method of claim 18, Wherein the step of deter 
mining comprises: 

determining the period of time based upon a current 
timing advance (TA) value corresponding to the mobile 
communication station. 

26. The method of claim 18, further comprising: 
prior to the step of monitoring, providing to the TOA 

measurement apparatus a base station identity code 
(BSIC) corresponding to the base transceiver station 
(BTS) that is the intended handover target, and a 
handover reference number (HRN) speci?ed for han 
dover; and 

folloWing the step of monitoring, producing encrypted 
information from the at least one radio signal based 
upon the BSIC and HRN so as to increase the accuracy 
of the TOA measurement. 

27. The method of claim 18, further comprising: 
folloWing the step of determining, providing the period of 

time to the TOA measurement apparatus; and 

providing the TOA measurement apparatus With trans 
mission information indicating a sequence of frequen 
cies utiliZed by the mobile communication station. 

28. The method of claim 27, Wherein: 
the transmission information includes a starting frame 
number during Which the mobile communication sta 
tion is to begin sending the at least one radio signal. 

29. The method of claim 27, Wherein: 
the transmission information includes frequency hopping 

parameters. 
30. An apparatus for use in locating a mobile station in a 

Wireless communication netWork, comprising: 
an input for receiving a request to locate the mobile 

station; 
a ?rst output for initiating, in response to receiving the 

request, a handover operation, the handover operation 
providing starting time information for the mobile 
station to begin sending at least one radio signal for use 
in locating the mobile station; 

a module for determining a period of time during Which 
a time of arrival measurement apparatus is to monitor 
for arrival the at least one radio signal; and 
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12 
a second output for providing to the TOA measurement 

device the period of time. 
31. The apparatus of claim 30, Wherein the starting time 

information speci?es a TDMA frame and a TDMA time slot 
Within the TDMA frame during Which the mobile station is 
to begin sending the at least one radio signal. 

32. The apparatus of claim 30, Wherein: 
the period of time is expressed in a time base of the TOA 

measurement device. 
33. The apparatus of claim 30, Wherein: 
the period of time is expressed in a time base of a base 

transceiver station (BTS) associated With the TOA 
measurement device. 

34. The apparatus of claim 30, Wherein: 
the module determines the period of time based upon an 

estimate of a location of the mobile communication 
station. 

35. The apparatus of claim 30, Wherein: 
the module determines a beginning of the period of time 

based upon an estimate of a location of the mobile 
communication station relative to the TOA measure 
ment device. 

36. The apparatus of claim 30, Wherein: 
the module determines an ending of the period of time 

based upon an estimate of a location of the mobile 
communication station relative to the TOA measure 
ment apparatus. 

37. The apparatus of claim 30, Wherein: 
the module determines the period of time based upon a 

current timing advance (TA) value corresponding to the 
mobile communication station. 

38. The apparatus of claim 30, further comprising: 
the second output provides to the TOA measurement 

device a base station identity code (BSIC) correspond 
ing to the base transceiver station (BTS) that is the 
intended handover target, and a handover reference 
number (HRN) speci?ed for handover, for alloWing 
encryption of portions of the at least one radio signal. 

39. The apparatus of claim 30, Wherein: 
the apparatus provides to the TOA measurement device 

With transmission information indicating a sequence of 
frequencies utiliZed by the mobile station. 

40. The apparatus of claim 30, Wherein: 
the apparatus provides to the TOA measurement device 

frequency hopping parameters of the mobile station. 
41. The apparatus of claim 30, Wherein: 
the apparatus provides to the TOA measurement device a 

starting frame number during Which the mobile station 
is to begin sending the at least one radio signal. 

42. A method of using a time of arrival (TOA) measure 
ment apparatus to measure the time of arrival of at least one 
radio signal transmitted by a mobile communication station 
operating in a Wireless mobile communication netWork, 
comprising: 

providing starting time information for the mobile com 
munication station to begin sending the at least one 
radio signal; 

determining a period of time during Which the TOA 
measurement apparatus is to monitor for arrival the at 
least one radio signal, the period of time being based 
upon the starting time information and upon an esti 
mate of a location of the mobile communication station 
relative to the TOA measurement apparatus; and 
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monitoring, by the TOA measurement apparatus, the the starting time information comprising an identi?cation 
arrival of the at least one radio signal only during the of a frame and time slot for the mobile communication 
period Of time. station to begin sending the at least one radio signal. 

43. The method of claim 42, Wherein: 
the step of providing comprises initiating a handover 5 
command for the mobile communication station; and * * * * * 
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